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ABSTRACT
HEXAFLUOROTANTALATE(V)-SELECTIVE LIQUID MEMBRANE

ELECTRODE BASED ON BRILLIANT GREEN

BY
NEGUSSIE MEGERSA

Research Advisor; Dr B.S. Chandravanahi

Brilliant Breen-hexafluorotantalate(V) extract in nitrobenzene

was used to prepare hexafluorotantalate(V) liquid membrane electrode

with a PVC support. The electrode body was made from the concentric

polypropylene tubes (16,5 cm long with internal diameter of the outer

and inner tubes, 8 mm and 4 mm, respectively)which were joined by a

corK. The liquid membrane electrode was connected with fluoride-
selective electrode as internal reference and ground glass diaphragm

(Ag/AgCl) electrode as external reference electrode, to obtain the

complete cell assembly for the potential measurements. The concentr-
ations of sulphuric and hydrofluoric acids, for the optimum response

of the electrode to hexafluorotantalate(V) were found to be 1,0 M in

the test solutions. The response characteristics of the electrode

have been evaluated, and the electrode was found to respond to hexa-
~*6 -2fluorotantalate(V) in the concentration range of 2.0 X 10 - 1.0 X 10

M tantalum(V) with a sub-Nernstian slope and detection limit of -58.5
ir.V/decade and 3,69 X 10 7 M tantalum(V), respectively.

The effects of forty diverse ions on the electrode response to

the hexafluarotantalate(V)abion have been studied to evaluate the

selectivity of the electrode. The newly developed liquid membrane

electrode has been applied successfully to the determination of

tantalum in tantalite-columbite ores by direct potentiometry, standard

addition and sample addition, and Gran’s plot potentiomstric techniques.



1. INTRODUCTION

1.1. Occurrence and Uses of Tantalum

Tantalum, symbol la, is a chemical element o-f atomic

number 73 and atomic weight 180.95. It is a member o-f the fifth

group of the periodic: table, and is in the 5d transition series.
It's valence electronic configuration is 5d3 6S2 , which accounts

for its maximum oxidation state of +51-3.

The metal, tantalum, does not occur naturally in the free

state. It is found in a number of oxide minerals which almost

invariably contain niobium also. In terms of abundance, tantalum

does not apjpear on the list of the first 65 elements that are

found in the seawater. It does not also appear on the list of the

first 36 elements that occur in the earth's crust , and hence

relatively scarce. The element occurs in the earth's crust to the

extent of' 2.1 X 10-4 Y*l~4.

The most tantalum bearing minerals are tantalite and

columbite which are variations of the same natural compound ,

(FG,MN)(Ta,Nb)206, Tantalite-columbite occurs in some pegmatite

in quantities which seldom exceed a few pounds per ton and in

alluvium derived from such pegmatites. Other tantalum minerals

except microlite, (Na,Ca > 2Ta2U6(0,OH,F), have little significance

as a source of tantalum. These are manganotantalite,

1
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Mn(Ta,Nb)206-, tapiolite, Fe(Ta,Nb > 206, skogbolite, FeTa£06,

simpsonite or calogerasite, Al£Ta£08 + CaQ as an impurity,

thoreaulite, SnTa£07 + CaD and Nb£Q5 as impurities, stibiotantal-

ite, (Sb,Bi)(Ta,Nb)04, yttrotantalite, (Fe,Ca)£ <Y,Er,Ce,U)£(Ta-

,Nb)4015 + 4 H20, euxenite, (Y,Ca,Ce,U,Th > (Ta,1Mb,Ti > £06, and

tanteuxonite, (Y,Er,Ce,U)(Ta,Nb > (I i )Qb.'̂ 6..
Tantalum is best known as a refractory metal with a

combination of unique properties making it useful in a great vari-
ety of commercial application * though its applications are

inhibite?d somewhat by its relatively high cost. It is

used widely, although in small quantities, in the manufacture of

capacitors for electronic equipment including band radios,

heart pacemakers, emitters, getters, and automobiles2. The

extreme corrosion resistance of tantalum at normal temperatures

(due to the presence of exceptionally tenacious film of oxide)

leads to its application in the construction of chemical plant,

especially where it can be used as a liner inside cheaper

metals. The corrosion resistance of tantalum has been compared

with that of glass. Additionally, the metal has a high heat

transfer coefficient, and is easy to fabricate. Consequently, it

finds use in equipment that must resist strong corrosive attack,

as in the manufacture of HCl, hydrogen peroxide, in chromium

plating baths, in bromine heaters and stills, and in the prepara-

tion of corrosive fine chemicals. The metal has also been

used in resistance heaters, in very high temperature furnace and

for some nuclear reactor parts7-9.

Moreover, tantalum has got several important surgical and
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dental applications because o-f the inertness of the metal to body

fluids and the tolerance of the body -for the metal. It may be

placed in the skull, or other body parts without rejection.

Strips and screws made of tantalum are used for holding broken

pieces of bone, and the wire mesh is used for surgical staples,

braid for sutures, and reinforcementsS,3,6.

Tantalum is also added to nickel and nickel-cobalt super-

alloys for gas-turbine and jet engine parts. Tantalum-base alloys

are used for aerospace structures and space power systems,

principally because of the high temperature stability and

strength of these alloyst.
A tantalum-tungsten alloy is used tor fabricating spring

for high temperature at high vacuum applications. The tensile

strength of ternary alloys of tantalum (tantalum with 30 ’/

niobium and 5 </. zirconium or vanadium) at room temperature is

about three times that of tantalum alone, and the alloy finds

several uses in industry and aerospace structures. Other metals

such as hafnium, molybdenum, rhenium are also added to tatalum,

though in small amount , to give significant tensile strengh.

The ferrotantalum, which is added to austentitic steels to

reduce the intergranular corrosion, has also many uses in several

related areas.

1.3. General Properties and Chemistry of Tantalum4-11

Tantalum is a slightly bluish metal, ductite, maleable,

and when polished resembles platinum. Elemental tantalum has a
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body-centered cubic crystal structure. It has a melting point of

S,996oC, boiling point o-f 5,4£7oC, and density o-f 16.63 g/cm3

(solid at c20oC) , and 17.1 g/cm3 (single crystal). Because of its

high melting point , it is considered a refractory metal6.

The metal is quite inert to acidic attack except hydroflu-

oric acid and fuming sulphuric acid. It also dissolves in

molten alkalis, concentrated alkaline solutions and fluoride in

acid media. It is very resistant to attack by liquid metals such

as lithium, sodium, potassium, sodium-potassium alloy, lead,

mercury and gallium provided these liquid metals contain no

oxygen4.
There is a strong similarity between the chemistries of

tantalum and niobium, which is significantly different from that

of their group congener, vanadium4. As a consequence of the

lanthanide contraction their atomic (1.47 Ao) and ionic (0.69 Ao)

(for + 5 oxidation state) radii are identical, which are appreci-

ably larger than the corresponding values for vanadium, 1.34 Ao

and 0.59 Ao, respectively. One consequence of the size difference

is that the lower oxidation state of both metals, tantalum and

niobium, are of relatively minor importance. Thus, apart from the

halide chemistry, the vast majority of character-ized compounds

of the matals are pentavalent , although compounds with formal

oxidation states of +4,+3,+2,+l,0 and -1 have been reported,

these oxidation states, in particular the first three, are less

well characterized. In contrast to vanadium, for which the

species V0+ and , particlarly VQ+2 play important roles, tantalum

and niobium have virtually no cation chemistry. Their oxides,



5
*

Ta£05, and NbBGS, are appreciably basic, while that of vanadium ,

VED5, is amphoteric. There is also considerable similarity in the

chemistry o-f lower halides, of tantalum and niobium, where metal-
metal bonding is important , and in their numerous integral

valence stable cluster compounds.

Differences are also observed, though not profound,

between the chemistries of tantalum and niohium4. For example, it

is well established that tantalum(V) is less readily reduced than

niobium(V), and is more readily hydrolysed in aqueous hydrochlor-
ic acid solutions, In addition, there are differences in the

structural chemistry of the respective peroxides, in the stabili-

ty o-f the pentavalent oxyhalides, and the nature of oxysulphates

obtained from aqueous solutions.

The pentoxide,Ta205,can be obtained by heating the metal in

oxygen or by dehydration of the hydrated oxide. The pentoxide is

white, air stable, and water-insoluble solid which is an importa-
nt starting material for tantalum production. The pentoxide is

hardly attacked by mineral acids, with the exception of hydroflu-
oric acid. It can be melted by fusion with alkali metal pyrosul-

phates, potassium hydroxide or carbonate, the mixture of potassi-

um carbonate and potassium nitrate; and the resulting melt may be

dissolved in acidic solution or, depending on its composition, in

water4,

Besides the pentoxide, other oxides of compostions TaOx

(x<2.5) are in evidence in the oxidation state of tantalum metal

with oxygen, though no discrete TaO and Ta02 compounds are

known!2. They are formed by active metal reduction. Ta02 forms,
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with alkali metals, the metatantalates, MTa03, the orthotantalat-
es. H3Ia04, and pyrotantalatess M4Ta207, as well as the polytant-
alates of compost ion M8Ta6Q19 which require fusion with alkali

hydroxjdes6.
Tantalates are obtained by fusing the pentoxide with

alkali hydroxides or carbonates, which hydrolyse to oxide upon

washing with water. The melt can be extracted in the aqueous

potassium hydroxide, and upon treating it with ethanol , a product

of composition K3Ta60i'3.16H20 precipitates. The anion, Ta6019S-,
also exists in aqueous solution in the pH range of 10-13,
without being subjected to further polymerisation, depolymerizat-

ion or protonation. Upon acidification, the hydrous oxide

precipitates. Although it is called tantalic acid, it is

insoluble in aqueous bases, but soluble in acid, and salts of

composition KTaF‘6, K2TaF7, and KSTaFB can be crystallized from

aqueous solutions of different fluoride concentrationsl-3.
In aqueous fluoride media there exists a distribution of

a series of fluorotantal.ate complexes of composition Tav Fn5~n

<n < 8)4. Equilibrium of the formation of various complexes

depends on many factors: viz, concentration of the free fluoride

ion, concentration of tantalum, and also the acidity of the

medium. Predominant species in specific solutions, as deduced

from Raman and n.m.v. spectra, are CTaF6]~(S4 M HF, no CTaF732~

LTaF73S- <5.2 M NH4F, no CTaF6'J~> , and CTaF63- and CTaF7I2- <3.1-
il.O M HF), with the formation constants of 4.6 x 103, 1.26 x 103

and 4.5 for LTaF63~, CTaF732- and CTaF833~, respectively4. The

ITaFSIS- anion has not been detected by Raman technique in






















































































































